Introduction: Adequate tooth-size ratios are required to ensure the satisfactory outcome of orthodontic treatment. Consequently, various methods of measuring tooth-size ratios have been developed being the Bolton ratio the most commonly accepted, known and used one. This ratio depending directly on mesiodistal tooth size has been associated with different ethnic backgrounds. Some authors suggest the need for specific standards for every population. Objectives: The objectives of our study were; to measure and to compare mesiodistal tooth sizes and the Anterior and Overall Bolton ratios in two different populations, one Peruvian and the other Spanish with the same digital method. Material and Methods: The sample included 149 individuals composed of two groups; 99 Spanish (mean age 14.19), 65 being females and 34 males and 50 Peruvian (mean age 14.46), 18 being males and 32 females. The mesiodistal sizes of each of the patients were measured using a digital method and the Anterior and Overall Bolton ratios were calculated. Results: Tooth size does indeed involve a strong ethnic component, and the Anterior Bolton ratio is specific for each ethnic group. Conclusions: The conclusions are; tooth sizes of the Peruvian population were greater than those of the Spanish population. The Anterior Bolton ratio of Peruvian individuals was greater than that of the Spanish, whereas no differences were found for Overall Bolton ratio. These differences suggest the need for specific standards for the Spanish and Peruvian population.
Introduction
Adequate tooth-size ratios are required to ensure the satisfactory outcome of orthodontic treatment. Consequently, various methods of measuring tooth-size ratios have been developed being the Bolton ratio (1) the most commonly accepted one. This ratio depending directly on mesiodistal tooth size have been associated with different ethnic backgrounds (2,3) Some authors found differences in tooth sizes between ethnic groups (4-7) while others don´t (8, 9) . The only studies that figure in the literature on a Peruvian population (10, 11) found no difference in mesiodistal sizes when compared with a White population. As regards the tooth size of the Spanish population, Ostos et al. (12) found that sizes were smaller than those of the American population, especially those of the black race. Sizes were more similar to the European population. It is logical to expect that differences in mesiodistal tooth sizes can directly affect Bolton ratios. Some studies claim that the Bolton ratio cannot be applied to populations other than the White one, and that there is a need to individualise each population with their own ratios (3, (13) (14) (15) (16) whilst others claim that it is indeed valid for other populations (3, 11, 17) . There are only a few studies about tooth-size ratios on Peruvian or Spanish populations (11, 14) . Paredes et al. (15) obtained anterior and overall Bolton ratios different to that of Bolton1 and showed that the Bolton ratio could not be applied to the Spanish population. Others concluded that although some statistically significant differences in tooth size were found between Peruvians compared with White standards, they were not likely to be clinically significant (11) . Given the controversy in the literature for the difference in tooth sizes between different ethnic groups, the aims of this study were to compare the mesiodistal tooth sizes in two different, but related populations, one Peruvian and the other Spanish and to calculate and compare the anterior and overall ratios of each of them with the same digital method.
Materials and Methods
The sample included 149 individuals and was composed of two groups. The first consisted of 99 Spanish adolescents residing in the city of Valencia, Spain, with a mean age of 14.19 SD 1.97, 65 being females and 34 males. All Spanish adolescents were Whites strictly of European decent. The second group was made up of 50 adolescent Peruvians in the city of Lima, Peru, 18 being males and 32 females. The mean age was 14.46 SD 3.38. Both groups were recruited from the Orthodontic Clinics in the Faculty of Odontology of the University of Valencia, Spain and the Peruvian University Cayetano Heredia, Peru, respectively. The three types of Angle molar class were present in both groups and none of them had previously received Orthodontic treatment. The material used in this study consisted of: -Plaster casts of each person from the two population groups. All of them were made in the same way; -A conventional scanner for digitalising all study mod-A conventional scanner for digitalising all study models; -Our own technology program, developed at the FacOur own technology program, developed at the Faculty of Medicine and Odontology of the University of Valencia, Spain. The reliability and reproducibility of this program had already previously been tested and compared with traditional callipers (14) . This program requires a digitalised image of what one wishes to measure and back-up software for undertaking measurements. The inclusion criteria for the study models selected were: -Presence of permanent dentition from first left-side molar to first right-side molar; -Absence of alteration in the number of teeth; -Absence of alteration in dental size and shape; -Good quality of study models with good anatomic definition, both of soft and hard parts. On each of the images obtained and calibrated, the points of mesial and distal occlusal contact, corresponding to the maximum mesiodistal size of each tooth, were marked, so automatically obtaining a line joining those points which shows the measurement taken. The software designed for this purpose determines dental sizes in millimeters from that data. The Anterior and Overall Bolton ratios were automatically determined. The digital method has a sensitivity of hundredths of a millimeter.
Statistical method
The values found were introduced into a database, so as to be processed using the statistical SPSS© version v.11.5 for Windows package. The Kolmogorov-Smirnov and Shapiro-Wilk test were applied to determine which measurements had normal distribution and, by doing so, to determine the type of statistics to be used. For statistical analysis, the samples of each ethnic group were grouped together per sex. The representative values of each group are represented as a mean ±CI 95% (Confidence Interval of 95%). The tooth size comparison between Spanish and Peruvian population was made by estimation of the difference between tooth sizes and its 95% confidence interval. Variance analysis with two variation factor (ethnic group and sex) was used to compare the groups using the post-hoc Bonferroni test in the Bolton study. The results were significant at the 95% confidence level. Mean differences were estimated to a confidence interval of 95% (CI 95%). The percentage of sexual dimorphism for mesiodistal tooth size was calculated.
Results
Tooth sizes were found to be dependent both on sex and ethnicity to which they belonged. Hence, the sizes both of the Peruvian and Spanish populations are separated by sex and reflected in table 1. Left and right sizes were averaged for the analysis since the teeth were symmetric. Table 2 shows the difference between the mesiodistal tooth sizes of Peruvians less those of the Spanish to confidence intervals of 95%, both for males and females and for each tooth. Fig. 1 and 2 show these differences. The results for the Anterior and Overall Bolton ratios and confidence interval (CI) of 95%, both for the Peruvian and the Spanish populations of our study, can be seen, expressed in percentages, in (Table 3) shows the values of other, both Peru- (Table 3) shows the values of other, both Peru- Table 3) shows the values of other, both Peru-) shows the values of other, both Perushows the values of other, both Peruvian and Spanish, populations. Since Bernabe et al. (11) presents different values for the overall Bolton ratio for male and female in his study, we have considered both results separately in order to compare them.
Discussion
We believed it is interesting to compare the mesiodistal tooth sizes of two different but related populations* such as the Peruvian and the Spanish, as there are no comparative studies between them in the literature. *We have to bear in mind that Peru was s Spanish colony some centuries ago, so there was a great deal of mixture of the genes of Spanish White and the native Amerindian population of Colonial Peru. The differences between the mesiodistal tooth sizes of Peruvians less those of the Spanish show that the teeth of Peruvians are larger than those of Spanish, all results being statistically significant, given that in all cases the confidence interval does not reach zero except for the maxillary central incisor for females, which appears with a negative value. For males, the tooth that presented the greatest difference in its mesiodistal tooth-size was the first molar, both maxillary and mandibular, followed by the mandibular canine, whilst the tooth that presented the least difference was the central incisor, both maxillary and mandibular. However, for females, the teeth with greatest difference were the maxillary second premolar, followed by the maxillary first premolar and lateral incisor. All teeth of the lower arch were those which presented the least differences. Our results coincide with those of Bernabe et al. (11) who found differences between tooth-sizes of Peruvian and White populations, although these were not clinically significant for them. Regarding the Anterior Bolton ratio, variance analysis shows that there is a difference for the Anterior Bolton ratio between Spanish and Peruvian subjects, without that difference being statistically significant, at the same time as both present a statistically significant difference with the Anterior ratio introduced by Bolton (1) the latter being lower. However, there are no statistically significant differences for the Overall Bolton ratio between the Peruvian and Spanish populations or with the standards of Bolton (1) These results are very similar to other studies that compare the anterior and overall ratios of different populations such as White (13), Dominican (6), Syrian (17), Jordanian (18), Spanish (14) , Iranian (19) , Saudi (20) or Japanese (3) populations with Bolton's standards, as alterations occur mainly in the anterior ratio and not in the overall one (14-21). The differences suggest the need for specific standards for the Spanish and Peruvian population. The reason for this finding might be the sample population or the ethnic groups and the fact that the population and gender composition of Bolton's sample was not specified and (Table 3) , we see how the ratios we obtained for the Pe- Table 3 ), we see how the ratios we obtained for the Pe-), we see how the ratios we obtained for the Pe-, we see how the ratios we obtained for the Peruvian and Spanish populations are similar to those of Bernabe et al. (11) but not to either those of Bolton (1) or Fernández et al. (22) . The values of Fernández et al. (22) are higher than those of our study, those of Bernabe et al. (11) and those of Bolton (1) which are lower than the others. This shows that values of the Bolton ratio vary not only between different populations, but also even within the same population. Thus, the clinical relevance of this study is that the generalized use of the Bolton ratio and the proposed values for a harmonious dentition are questionable and might not be valid for other populations. The differences suggest the need for specific standards for the Spanish and Peruvian population.
Conclusions
1. Our hypothesis that there is no difference in the meOur hypothesis that there is no difference in the mesiodistal tooth sizes in two different but related populations were the same was not correct since mesiodistal tooth-sizes of the Peruvian population were greater than those of the Spanish population. 2. The teeth that presented the greatest differences in terms of size between the Peruvian and Spanish population were the maxillary and mandibular first molar and the mandibular canine in males and the first and second maxillary premolar and maxillary lateral incisor in females. 3. The relationships between the sizes of the mandibular and maxillary teeth are dependent on the population. 4. Mean anterior and overall tooth-width ratios beMean anterior and overall tooth-width ratios between the male and female samples do not differ in a statically significantly way: Therefore, combined mean anterior and overall tooth-width ratios are presented; 78.32% ±2.45% / 91.97%±1.95% and 79.12% ±2.70% / 91.51%±1.95% for the anterior and overall tooth-width ratios for the Spanish population and for the Peruvian population, respectively. 5. The anterior ratio for the Peruvian sample is greater than the Spanish one, whilst there are no differences for the Overall Bolton ratio. 6. The anterior ratios for the Peruvian and Spanish samThe anterior ratios for the Peruvian and Spanish samples are greater than Bolton's. The differences are statically significant and suggest the need for specific standards for Spanish and Peruvian populations.
